Purpose: The purpose of this study was to evaluate the accuracy of plasma cystatin C in acute impairment in renal function; plasma cystatin C was compared to plasma creatinine in two hundred patients undergoing elective CABG surgery. Methods: We performed a prospective clinical study of two hundred patients undergoing coronary bypass surgery. Plasma creatinine and cystatin C were measured preoperatively and on the first and fourth days after surgery. Estimated glomerular filtration rate (GFR) was calculated using one creatinine-based and two cystatin C-based equations. Results: There were 144 non-diabetic and 56 diabetic patients. The need for furosemide was more common among diabetics (80.4% of the patients vs. 53.9%, p = 0.024). Changes in cystatin C-based GFR with both equations were significantly greater in the group of diabetics (-14.3 ± 28.0 and -11.2 ± 19.3 ml/min/1.73 m 2 vs. -4.3 ± 26.9 and -3.1 ± 20.5 ml/min/1.73 m 2 , p = 0.025 and 0.016, respectively). Changes in creatinine-based GFR did not differ between the diabetics and the non-diabetics. Conclusion: Cystatin C and cystatin C-based estimation of GFR may be useful and more sensitive than creatinine in detecting mild acute renal insufficiency in diabetic patients.
Introduction
Acute renal failure (ARF) is a serious and fairly common complication among heart surgery patients. ARF requiring haemodialysis occurs in 1.1 to 1.4% of cardiac surgery patients. [1] [2] [3] Acute renal failure, as any other complication, extends the patients need for hospitalization.
Prolonged stay and haemodialysis increase costs. Renal failure is also an important factor increasing mortality in coronary artery bypass grafting (CABG) patients: hospital mortality was 6.8% compared to 0.5% in the group with normal renal function. 4) Mortality of patients with ARF requiring dialysis was 79.7% while among controls 4.8% (14437 pts operated). 3) Early detection of renal dysfunction is the only way to avoid serious renal failure. Detection of renal function in clinical practice means detections of glomerular filtration rate (GFR). Endogenous markers plasma creatinine and urea concentrations, despite their limitations, are commonly used because they are cheap and easily available. Urea is passively reabsorbed from the renal tubules, and its concentration in plasma may vary depending on diet, hepatic function, and the state of numerous diseases. 5) Plasma creatinine is related to muscle mass (body size) and affected by age and gender. 6) As
Ann Thorac Cardiovasc Surg 2011; 17: 277-282 doi: 10.5761/atcs.oa. 10.01577 plasma concentrations increase, tubular secretion of creatinine increases, leading to an overestimation of GFR. Plasma cystatin C is a 122-amino acid of low molecular weight (13 kDa) . This protein is produced at a constant rate by all body tissues. 7) It is freely filtered through the glomerulus and does not return to the blood flow. 8) Glomerular filtration being its only elimination route, plasma cystatin C is a sensitive marker in mild renal insufficiency. 9) In patients with type two diabetes, cystatin C has been shown to cor relate better with 51Cr-EDTA-clearance than plasma creatine, the diagnostic accuracy also being better.
10) It is known that among CABG surgery patients, there is a significant amount of diabetics with treatment (17%-33%). 11, 12) The aim of our study is to evaluate the accuracy of plasma cystatin C in acute impairment in renal function, plasma cystatin C was compared to plasma creatinine in two hundred patients (diabetics and non-diabetics) with normal or nearly normal kidney function undergoing elective CABG surgery.
Methods
Two hundred consecutive patients scheduled for elective CABG surgery were enrolled in the study.
The Hospital Ethics Committee approved the study protocol. The patients were informed about the purpose of the study and written informed consent was obtained from each patient prior to enrolling. Plasma creatinine and plasma cystatin C concentrations were recorded preoperatively, on the first and fourth postoperative days and later on if needed during a longer ICU stay. Urine concentrations of lactate dehydrogenase (LD), alkaline phosphatase (AP), and γ glutamyl transpeptidase (γ GT) were measured on the morning of surgery and the first postoperative morning. Preoperative factors (age, weight, body surface area, diabetes mellitus, hypertension, Euroscore), type of surgery (on/off pump), number of grafts, perioperative cumulative diuresis and diuretic therapy (24 hours starting from the induction of anaesthesia) and the hospital length of stay were recorded. Patients were defined as diabetics if they had oral diabetic medication or insulin treatment at home.
Plasma creatinine was analysed using enzymatic photometric method (Cobas Integra, Hoffman-La Roche, Switzerland). Plasma cystatin C was analysed using immunoturbidimetric method (Cobas Integra, HoffmanLa Roche, Switzerland) with DAKO reagent. Enzymes in urine (LD, AP and γ GT) were measured using a Vitros 250 analyzer (Ortho-Clinical Diagnostics, Rochester, NY, USA).
The GRF was estimated from plasma creatinine using Cockcroft-Gault equation. 13) Two different cystatin C-based equations were also used to estimate GFR: (H) GFR = 80.35/s-cystatin C -4.32 14) and (D) GFR = 119/ s-cystatin C -33.
15) The GFR estimations were calculated using the preoperative and the highest postoperative creatinine and cystatin C values.
Statistical analysis was performed using the SPSS for Windows (version 17.0) (SPSS Inc., Chicago, IL). The results were analyzed by using an analysis of variance for repeated measures with a group as the factor and time as the repeating factor. Student's t-test for independent samples was performed at different time points and for independent measures. Normality test was performed and Mann-Whitney U-test was used as a nonparametric test when needed. Dichotomous variables were tested by using the χ 2 test. Results are expressed as mean (SD) or median (min-max); p <0.05 was considered statistically significant.
Results
Diabetes was diagnosed in 56 (28%) study patients. Cardiopulmonary bypass was used for 177 patients while 23 patients underwent off-pump surgery. The use of CPB did not differ between the diabetics and the non-diabetics (11.1% vs. 12.5%, respectively). Preoperative heart function did not differ between these two groups: 91% of the non-diabetics had good left ventricular ejection fraction (>50%) compared to 87% of the diabetics. Demographic and perioperative data are shown in Table 1 . None of the patients required postoperative haemodialysis.
The cumulative diuresis did not differ between the groups (3957 ± 1055ml in non-diabetics and 3744 ± 1092 ml in diabetics). The need for furosemide was more common among diabetics (80.4% of the patients vs. 53.9%, p = 0.024).The amount of furosemide that was needed, was also greater in the group of diabetics: median 10 mg (0-590 mg) vs. 5 mg (0-40 mg), p = 0.13.
Plasma creatinine and cystatin C values are shown in Figure 1 . Creatinine-based estimation of GFR was 105 ± 179 and 90 ± 27 ml/min/1.73 m 2 preoperatively and 81 ± 24 and 85 ± 27 ml/min/1.73 m 2 postoperatively in the non-diabetic and diabetic groups, respectively. Cystatin-based (H) GFR estimation was 83 ± 59 and 78 ± 23 ml/min/1.73 m 2 preoperatively and 80 ± 59 and 70 ± 20 ml/min/1.73 m 2 postoperatively in the non-diabetic Creatinine values preoperatively and on the first and fourth postoperative days in patients with or without diabetes. There were no significant differences between the groups. b: Cystatin C values preoperatively and on the first and fourth postoperative days in patients with or without diabetes. There were no statistically significant differences between the groups (on the fourth postoperative day p = 0.069). and diabetic groups, respectively. Cystatin c-based (D) GFR was 97 ± 88 and 89 ± 34 ml/min/1.73 m 2 preoperatively and 92 ± 87 and 76 ± 30 ml/min/1.73 m 2 postoperatively in the non-diabetic and diabetic groups, respectively. Changes in creatinine, cystatin C and estimated glomerular filtration rate (GFR) with comparison between the diabetics and the non-diabetics are shown in Table 2 .
Enzymes in urine (LD, AP and γ GT) are shown in Table 3 . There was a statistically significant difference between the preoperative and postoperative U-LD, U-GT and U-AP values (p = 0.000). Postoperatively, 57% and 52% of the patients had U-GT levels above reference values in the non-diabetic and diabetic groups, respectively, compared to 1% and 4% preoperatively. Less than 11% of the patients had pre-or postoperative U-LD or U-AP values above reference values. There was no significant difference between the diabetic and non-diabetic groups.
Discussion
Our results show that cystatin C and cystatin C-based estimation of GFR may be useful and more sensitive than creatinine and the creatinine-based estimation of GFR in detecting mild acute renal insufficiency in diabetic patients after coronary artery bypass grafting surgery. All patients had sufficient diuresis, but the diabetics needed more furosemide to achieve this. Therefore, according to clinical estimation, the diabetics had mild renal injury more often than the non-diabetics. None of the study patients needed dialysis. In the diabetic group, cystatin C raised and cystatin C-based estimations of GFR decreased significantly more than in the non-diabetic group while the raise in creatinine and the decrease in the creatinine-based estimation of GFR did not show such difference between the groups.
Yashiro et al. 16) have shown that diabetes mellitus (DM) causes cystatin C to deviate higher than expected from GFR. In their study, they used the creatinine-based estimation of GFR. We used three different equations to calculate GFR. The decrease in creatinine-based Cockcroft-Gault equation did not show a significant difference between the diabetics and the non-diabetics, but in the The results are presented as mean (SD). There was a significant change from the preoperative to the postoperative values (p <0.05) in U-LD, U-GT and U-AP. The results are presented as mean (SD). U-LD, urinary lactate dehydrogenase; U-GT, urinary gamma-glutamyltransferase; U-AP, urinary alkaline phosphatase two cystatin C-based estimations of GFR, the decrease from the preoperative to postoperative values was significantly more notable in the diabetics. This is in line with the results of Hoek et al. 14) They showed that cystatin C gives a more accurate and precise estimate of GFR than Cockcroft-Gault. Furthermore, Harmoinen et al. have shown cystatin C to correlate better with 51Cr-EDTAclearance than plasma creatine in patients with type two diabetes. 10) We agree with Hoek et al that cystatin C is the preferred endogenous parameter for GFR.
Renal function has a substantial impact on prognosis after cardiac surgery. Furosemide and dopamine have been widely used to maintain diuresis. Despite increased amounts of diuresis and recent finding that dopamine increases renal oxygen delivery, 17) these medications do not have any prognostic value. Administration of high doses of furosemide may even be detrimental in the protection of renal dysfunction after cardiac surgery.
18) It is also documented that furosemide does not have any beneficial effects in established ARF. 19) Adequate fluid resuscitation and maintenance of renal perfusion are the only means to prevent renal impairment. Early detection of renal dysfunction is, therefore, essential in the prevention of ARF. In this study, the diabetic patients required greater doses of furosemide in order to maintain sufficient diuresis. In the group of diabetics, the raise in cystatin C was also significantly greater than in the non-diabetic group. Since the raise in creatinine did not differ between these groups, we conclude that cystatin C is more sensible marker in early detection of mild renal injury in the diabetics. There are other studies to confirm the role of cystatin C specifically in early detection of acute kidney injury. Herget-Rosenthal et al. showed that Cystatin C detects acute renal failure one or two days earlier than creatinine. 20) Cystatin C also detects earlier than creatinine a renal function recovery after kidney transplantation. 21) Unstable hemodynamics, during and after cardiac surgery, may lead to renal ischemia, which is the most common cause of acute tubular necrosis (ATN). ATN leads to urinary secretion of tubular enzymes LD, AP and γ GT. Tubular enzymuria may be useful in predicting ARF when found in critically ill patients on admission to the ICU. 22) In our patients, tubular enzymuria did not differ between the diabetics and the non-diabetics. There was a significant change from preoperative to postoperative U-LD, U-GT and U-AP values, but only U-GT values raised above reference values in a significant number of patients. This could be translated that U-GT is more sensible to acute kidney injury caused by cardiac surgery than other urinary enzymes in this study. In turn, U-LD showed a significant decrease from the preoperative to the postoperative values. This could be due to impaired ability of the injured kidneys to excrete LD into urine. Decreased rate of excretion into urine after CABG has been shown for amylase. 23) In conclusion, Cystatin C and cystatin C-based estimation of GFR may be useful and more sensitive marker than creatinine in detecting mild acute renal insufficiency in diabetic patients. In this study, changes in cystatin C-based GFR with two different equations were significantly greater in the group of diabetics, who also needed more furosemide in order to maintain adequate diuresis. Changes in creatinine-based GFR did not differ between the diabetics and the non-diabetics.
